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I. INTRODUCTION AND SUMMARY.

CTIA® hereby files these reply comments in response to the Commission’s Notice of 

Proposed Rulemaking (“NPRM”) seeking comment on a regulatory regime for mobile operations 
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in various spectrum bands above 24 GHz.1 The record developed in this proceeding makes clear 

that 5G services will bring significant benefits to mobile consumers, and that frequency bands 

above 24 GHz will play an essential role in enabling next-generation wireless innovation.  

Opening comments also demonstrate widespread agreement with CTIA’s vision for a robust 5G 

ecosystem.  By adopting licensing and service rules that provide certainty and clarity to 

prospective spectrum users, while leveraging the unique technical characteristics of millimeter 

wave spectrum, the Commission will help to ensure that the U.S. remains a leader in mobile.  In 

addition, the Commission should take the following steps:

The Commission should allocate the spectrum bands identified in the proposed 
rulemaking for mobile broadband services, but should also continue to work to 
identify and allocate additional spectrum for 5G in the low, medium, and high 
frequency ranges.

The Commission should adopt a licensing and service rules framework grounded 
in the Commission’s long-standing, highly successful principles of exclusive 
spectrum use, flexible technical and service rules, and certainty for licensees.

The Commission should not adopt a sharing-intensive framework in the 
millimeter wave bands.  While troubling as a general matter, a “use-it-or-share-it” 
framework would have a particularly negative impact on the deployment and 
provision of 5G services.  And the Commission should not adopt rules based on a 
Spectrum Access System before such a system has been tested and proven to be 
an effective means of overseeing spectrum use.

The Commission should not complicate an already-challenging 5G environment 
by granting new rights to secondary users outside of the Commission’s auction 
framework or the secondary market.  CTIA strongly supports protecting primary 
incumbents in the bands under consideration by the Commission, but the 
Commission should not create additional impediments that will complicate and 
potentially delay deployment of service.

1 Use of Spectrum Bands Above 24 GHz for Mobile Radio Services, Notice of Proposed 
Rulemaking, 30 FCC Rcd 11878 (2015) (“NPRM”).
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II. THE SPECTRUM BANDS IDENTIFIED BY THE COMMISSION WILL PLAY A 
CRITICAL ROLE IN FACILITATING NEXT-GENERATION MOBILE 
BROADBAND SERVICES.

CTIA strongly supports the efforts by the Commission in this proceeding to explore 

previously untapped spectrum bands and to develop a regulatory regime that will leverage these 

bands’ unique properties for the benefit of wireless consumers.  While wireless connectivity is 

already an essential element of daily life in the United States, next-generation services have the 

potential to be truly transformative.  Efforts to develop 5G technologies and services are already 

well underway, and it is essential that the Commission continue its efforts to make additional 

spectrum available at low, medium, and high frequencies.  CTIA commends the work of the 

Commission thus far, believes that the bands proposed by the Commission in the NPRM should 

be made available as quickly as possible, and asks that the Commission quickly turn its efforts to 

additional frequency bands.

The next generation of mobile broadband will benefit wireless consumers in three key 

ways: by bringing much higher speeds, by connecting a multitude of new devices to broadband, 

and by providing real-time performance that will enable new services and applications. Leading 

technology companies such as Samsung,2 Ericsson,3 Nokia,4 Intel,5 and Qualcomm,6 and 

2 James Geddes, Samsung Testing 5G Network With Lightning Speed Standards Of 20 GB 
Per Second, TECHTIMES (Jul. 14 2015),
http://www.techtimes.com/articles/68237/20150714/samsung-testing-5gnetwork-with-lightning-
speed-standards-of- 20-gb-per-second.htm.

3 Joe Lorrio, Volvo and Ericsson Partner on the Real Killer App for Autonomous Cars: 
Streaming HD Video, CAR AND DRIVER (Jan 4, 2016), http://blog.caranddriver.com/volvoand-
ericsson-partner-on-the-real-killer-appfor-autonomous-cars-streaming-hd-video/.

4 Nokia Press Release, Nokia Networks showcases 5G speed of 10 Gbps with NI at the 
Brooklyn 5G Summit (Apr. 8, 2015), http://networks.nokia.com/news-events/ press-room/press-
releases/nokia-networksshowcases-5g-speed-of-10gbps-with-ni-atthe-brooklyn-5g-summit.
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Verizon7 are demonstrating and testing 5G speeds in excess, sometimes well in excess, of one

gigabit per second.  These speeds, in turn, will enable a variety of new applications, particularly 

mobile video and gaming applications.  Commensurate network capacity gains will enable 

consumers to experience a higher level of performance without decreases in speed or quality.  5G 

also will provide the scale needed for wireless networks to support billions of devices and unlock 

the potential of the Internet of Things.  Industries such as healthcare, the wearables market, and 

the automotive industry will be able to leverage 5G technologies to create an unprecedented 

degree of connectivity for American consumers.  And finally, the reduction in latency made 

possible by 5G will enable numerous benefits and applications not available today.  For example, 

it is estimated that a 5G-enabled self-driving car traveling at 60 miles per hour will move just 

over one inch from the time it identifies an obstacle to the time when the braking command is 

executed.8 By contrast, the same car, using 4G technology under the same conditions, would 

move 4.6 feet before braking commences.9 This is just one example of the numerous use cases 

made possible by the significantly lower latency of 5G networks.

5 Deb Miller Landau, How 5G Will Power the Future Internet of Things, IQ BY INTEL,
http://iq.intel.com/how-5g-will-power-the-future-internet-of-things/ (last visited Feb. 22, 2016).

6 QUALCOMM, Qualcomm’s 5G Vision (Nov. 2015), https://www.qualcomm.com/ 
media/documents/files/qualcomm-5g-vision-presentation.pdf.

7 Verizon 5G Trials Driving Ecosystem Towards Rapid Commercialization (Feb. 22, 
2016), http://www.verizon.com/about/news/verizon-5g-trials-driving-ecosystem-towards-rapid-
commercialization.

8 Thomas K. Sawanobori, The Next Generation of Wireless: 5G Leadership in the U.S.,
CTIA, at 11 (Feb. 9, 2016), http://www.ctia.org/docs/default-source/default-document-
library/5g-white-paper.pdf, attached hereto as Attachment A

9 Id.
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Opening comments demonstrate that efforts to develop 5G networks and products are 

well underway, and CTIA commends the Commission for exploring new and innovative ways to 

bring to market the spectrum necessary to support these services.  While the NPRM focuses on 

spectrum above 24 GHz, the wireless industry will require access to high-, mid-, and low-

frequency spectrum to deliver the next generation of mobile broadband.  The high-frequency 

bands highlighted by the Commission in the NPRM will provide significant bandwidth and 

capacity to 5G services.  Meanwhile, lower-frequency bands have better propagation 

characteristics and will be more advantageous for macro network coverage and capacity.  CTIA 

therefore urges the Commission to maintain its focus on clearing spectrum in all three frequency 

ranges.

CTIA applauds the Commission for staying ahead of the need for 5G spectrum and urges 

the Commission not to slow its efforts to make this additional spectrum available for 5G 

services.  By initiating the Notice of Inquiry process last year, and now by seeking comment on 

proposed licensing and service rules for the millimeter wave bands, the Commission has taken

important steps.  CTIA and its members also appreciate the efforts by the Commission to make 

allocation of additional mobile broadband spectrum, and millimeter wave spectrum in particular, 

a top priority at the recent WRC-15. It is essential that the Commission continue this 

momentum.  As explained further below, the record developed by the Commission with respect 

to the 28 GHz, 37 GHz, 39 GHz, and 64-71 GHz bands presents no insurmountable challenges 

and provides the Commission with more than a sufficient basis to expeditiously adopt rules for 

these bands.  The Commission should therefore act quickly to make these bands available for 

mobile broadband services.  Once the Commission has addressed the spectrum bands that are the 

focus of this proceeding, it should turn its efforts to the other bands briefly discussed in the 
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NPRM and discussed in detail in the Notice of Inquiry, and continue its practice of prompt action 

by proceeding to a NPRM on those bands as well.

III. COMMENTERS SHARE CTIA’S VISION FOR A ROBUST 5G ECOSYSTEM.

In its opening comments, CTIA laid out its vision for a robust 5G ecosystem, noting that 

adoption of CTIA’s proposed framework would promote the rapid deployment of 5G services 

and promote innovation, investment, and competition.10 The record developed in opening 

comments makes clear that the wireless industry generally shares CTIA’s vision for a robust 5G 

ecosystem and that the Commission can enable significant public interest benefits by following 

the 5G blueprint laid out by CTIA and others.  Specifically, the Commission should (1) apply its 

flexible-use, exclusive licensing framework to the 28, 37, and 39 GHz bands; (2) allocate at least 

a portion of the 64-71 GHz band for licensed use; (3) license large, contiguous blocks of 

spectrum in the millimeter wave bands; (4) adopt long license terms with renewal expectancies; 

(5) adopt reasonable, “substantial service”-based performance requirements; and (6) heed the 

efforts of national and international standards-setting groups when adopting rules for this 

spectrum.

A. The Commission Should Apply its Flexible-Use, Exclusive Licensing 
Framework to the 28, 37, and 39 GHz Bands.

In adopting service rules for the 28 GHz, 37 GHz, and 39 GHz bands, commenters agree 

that the Commission can best promote innovation and rapid deployment by extending its 

flexible-use, exclusive-licensing framework to these bands.  In so doing, the Commission should 

grant flexible use rights to incumbent licensees in the 28 and 39 GHz bands, as they have 

expressed an interest in providing 5G mobile services and can promptly leverage their existing 

10 Comments of CTIA, GN Docket No. 14-177, IB Docket Nos. 15-256 and 97-95, WT 
Docket No. 10-112, and RM-11664 (filed Jan. 28, 2016) (“CTIA Comments”).
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spectrum assets.  The Commission should also heed commenters’ calls to abandon the proposed 

“hybrid” licensing approach for the 37 GHz band in favor of a regime consistent with that 

adopted for the adjacent 39 GHz band.

The record in this proceeding makes clear that the Commission’s longstanding, flexible-

use, exclusive-licensing framework should be applied to the 28, 37, and 39 GHz bands.  

Commenters note that this framework will promote innovation and investment and lead to a 

more rapid deployment of 5G services.11 CTIA agrees with Verizon that “[t]o trigger robust 

investment and innovation in the [millimeter wave] bands in the near term, the Commission’s 

licensing approach in this proceeding should primarily mirror the approach that propelled the 

United States to global leadership in 4G technology.”12 And it is clear that the economic and 

innovation benefits of exclusively licensed spectrum are considerable.  It was on exclusively

licensed spectrum that the U.S. wireless industry migrated through four generations of 

technology, becoming a global leader in the provision of 4G service.  While wireless providers 

increasingly use unlicensed spectrum, exclusively licensed spectrum remains critically 

important, as exclusively licensed spectrum generates $400 billion in economic activity 

11 See, e.g., Comments of 4G Americas, GN Docket No. 14-177, IB Docket Nos. 15-256
and 97-95, WT Docket No. 10-112, and RM-11664, at 14 (filed Jan. 26, 2016) (“4G Americas 
Comments”) (“4G Americas reiterates the importance of licensing spectrum on an exclusive 
basis to provide certainty for investment in 5G network deployment.”); Comments of Ericsson, 
GN Docket No. 14-177, IB Docket Nos. 15-256 and 97-95, WT Docket No. 10-112, and RM-
11664, at iii (filed Jan. 28, 2016) (“Ericsson Comments”); Comments of Samsung Electronics 
America, Inc. and Samsung Research America, GN Docket No. 14-177, IB Docket Nos. 15-256
and 97-95, WT Docket No. 10-112, and RM-11664, at 13 (filed Jan. 28, 2016) (“Samsung 
Comments”) (“A consistent licensing approach, allowing spectrum to be used on an exclusive 
basis, with full flexibility to deploy service will permit 5G services to be deployed in a robust 
fashion.”).

12 Comments of Verizon, GN Docket No. 14-177, IB Docket Nos. 15-256 and 97-95, WT 
Docket No. 10-112, and RM-11664, at 5 (filed Jan. 28, 2016) (“Verizon Comments”).
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annually.13 The Commission should build on the long-standing success of the wireless industry 

and continue to follow its approach of exclusive licensing and flexible use rights.

As part of its licensing framework, the Commission should grant flexible use rights to 

incumbent licensees in the 28 and 39 GHz bands.  Specifically, incumbent licensees should be 

granted new licenses providing flexible rights to operate in their existing spectrum and 

geographic service area.  This is appropriate in light of the fact that the Commission 

contemplated such rights when these initial licenses were auctioned, but technological 

development did not yet support such operation.14 Today, however, incumbent licensees have 

expressed a willingness and ability to offer these services using their existing spectrum rights, 

and have asked that their existing rights be preserved and enhanced.15 The mobile services 

envisioned by these incumbents are in line with the Commission’s 5G vision, and these 

incumbents should be accommodated under the new licensing framework.

13 Mobile Broadband Spectrum: A Vital Resource for the U.S. Economy, THE BRATTLE 
GROUP, at 23 (May 11, 2015).

14 NPRM ¶ 96.

15 Comments of Straight Path Communications Inc., GN Docket No. 14-177, IB Docket 
Nos. 15-256 and 97-95, WT Docket No. 10-112, and RM-11664, at 14-15 (filed Jan. 27, 2016) 
(“Straight Path has invested in developing a point-to-multipoint system at 39 GHz and expects to 
bring that system to the U.S. market in 2016. It is also developing its own 5G transceiver at 39 
GHz, which it expects to initially deploy for point-to-multipoint fixed service. These systems 
generally have a coverage area comparable to a 5G mobile system, and each site has similar 
characteristics of a 5G cell.”); Comments of T-Mobile USA, Inc., GN Docket No. 14-177, IB 
Docket Nos. 15-256 and 97-95, WT Docket No. 10-112, and RM-11664, at 9-12 (filed Jan. 27, 
2016) (“T-Mobile Comments”); Comments of XO Communications, LLC, GN Docket No. 14-
177, IB Docket Nos. 15-256 and 97-95, WT Docket No. 10-112, and RM-11664, at 8-11 (filed 
Jan. 28, 2016) (“As an existing licensee in the LMDS and 39 GHz bands, XO has extensive 
experience and expertise in the upper microwave bands and will be able to deploy and coordinate 
5G facilities in a manner that enables those systems to coexist efficiently with existing backhaul 
and other fixed wireless deployments.”).



9

Finally, commenters note that by adopting a “hybrid” licensing approach for the 37 GHz 

band, the Commission would limit the utility of the band and squander the opportunity to 

leverage the contiguity of the 37 and 39 GHz bands.  By adopting a “hybrid” licensing approach 

in the 37 GHz band, the Commission would undermine the 37 GHz band on a stand-alone basis.  

The Commission’s proposal would create a complex “Swiss cheese” licensing scheme that 

would greatly hinder deployment of equipment and services.  Put simply, “a hybrid licensing 

proposal would add complexity where none is needed.”16 In addition, the “hybrid” approach 

would undermine operators’ ability to make a viable business case justifying the substantial 

network investment in the 37 GHz band, as they may lack a clear opportunity for indoor 

deployments. Verizon recognizes the difficulties with this framework, noting that “… licensees 

whose business plans involve providing both outdoor and indoor coverage would need to 

negotiate a patchwork of agreements with various building owners and tenants within their 

service territories.”17

Moreover, considerable benefits can be achieved if the Commission adopts the same 

licensing regime for the 37 and 39 GHz bands.  As AT&T notes, “[b]ecause the 37 GHz band is 

16 Ericsson Comments at 8.

17 See, e.g., Verizon Comments at 8 (“With no terrestrial licensees, this band offers an 
excellent opportunity for a variety of next generation technologies. Holders of flexible-use 
licenses in the 37 GHz band would thus have a clean slate on which to rapidly deploy next 
generation technologies in a band harmonized globally for mobile operations.  By contrast, the 
hybrid proposal would limit the utility of the 37 GHz band. The NPRM assumes that operators 
will predominantly be interested in outdoor deployments, but that is not so. The mmW spectrum 
will likely be used heavily in more populated, urban environments where indoor coverage is 
critical. As the Commission has pointed out, the vast majority of current wireless use is indoors.  
Operators may not be able to make a business case for developing the 37 GHz band without the 
opportunity for indoor deployments. And licensees whose business plans involve providing both 
outdoor and indoor coverage would need to negotiate a patchwork of agreements with various 
building owners and tenants within their service territories. Just the first step of that process—
identifying whom to contact for every indoor location—would be costly and time consuming.”).
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adjacent to the 39 GHz band, a large block of contiguous spectrum could be created by 

combining the bands under a single licensing framework. . . . By adopting the same licensing 

regime for both the 37 GHz and 39 GHz bands, the Commission will ensure that 5G systems 

have access to the contiguous spectrum they need to thrive.”18 This would also enable 

equipment manufacturers to achieve economies of scale and develop applications designed to 

harness the contiguity of the 37 GHz and 39 GHz bands.19 Thus, in light of the widespread 

record opposition to the “hybrid” approach, CTIA urges the Commission to reject this proposal 

and extend the same licensing framework to both the 37 GHz and 39 GHz bands.

B. The Commission Should Allocate a Portion of the 64-71 GHz Band for 
Licensed Use.

The record in this proceeding echoes CTIA’s support for both licensed and unlicensed 

allocations in the millimeter wave bands, but also makes clear that the Commission should 

reconsider its decision to designate the entirety of the 64-71 GHz band for unlicensed use.  In 

particular, the 66-71 GHz portion of this band has characteristics that make it ideally suited for 

18 Comments of AT&T, GN Docket No. 14-177, IB Docket Nos. 15-256 and 97-95, WT 
Docket No. 10-112, and RM-11664, at 15-16 (filed Jan. 28, 2016) (“AT&T Comments”).

19 Verizon Comments at 7 (“Equipment manufacturers could achieve economies of scale 
producing equipment that operates on standardized channels across the entire band. And the band 
could host a large pool of very wide-bandwidth channels that would facilitate major efficiencies 
for operators and would be ideal for future high bandwidth applications such as video 
distribution. Achieving those benefits requires the Commission to apply the same rules to both 
37 GHz and the 39 GHz bands, and establish a single channelization scheme for the new band.”).  
See also T-Mobile Comments at 13 (“Having that much contiguous spectrum will help drive 
innovation and significant economies of scale and scope for infrastructure across the combined 
bands, ultimately benefitting providers and consumers. In addition, 3 gigahertz of continuous 
bandwidth could support multiple large bandwidth licenses, such as six, 500 megahertz licenses, 
satisfying the twin goals of creating large spectrum blocks and multiple licensees in the 
combined band. The Commission should therefore harmonize the rules in these bands –
including licensing the 37 GHz band with the same geographic license scheme as 39 GHz – to 
allow industry to develop use cases, deployment plans, and an equipment ecosystem for 5G that 
is interoperable across the entire 3 gigahertz.”).



11

licensed use, and the Commission can take advantage of these properties while at the same time 

meeting its unlicensed spectrum allocation goals.

Several commenters support a bifurcation of the 64-71 GHz band into unlicensed and 

licensed portions to capitalize on the international harmonization potential of the 66-71 GHz 

band.  As Nokia observes, “[t]he 66-71 GHz band is among the bands to be studied in ITU 

towards WRC-19, and has the potential to become a true globally harmonized licensed band,” 

which in turn “promotes economies of scale and enables global roaming, which reduces 

equipment design complexity and. . . improves spectrum efficiency.”20 Commenters also note 

that if the 66-71 GHz band is allocated for licensed use, the 64-66 GHz band can be combined 

with the 57-64 GHz band to create a nine-gigahertz block of unlicensed spectrum, a considerable 

allocation that can be used to enable a variety of services and technologies.21

Commenters also note that bifurcating the 64-71 GHz band into licensed and unlicensed 

portions would maintain an equitable division between licensed and unlicensed services in this 

proceeding. Given the nascent nature of 5G and deployment of wireless broadband in the 

millimeter wave bands, it makes sense to provide a relatively equal allocation of unlicensed and 

licensed spectrum.  As T-Mobile observes, licensed spectrum “grants providers the stable 

environment needed to encourage greater investment and technical innovation.  Therefore, the 

20 Comments of Nokia, GN Docket No. 14-177, IB Docket Nos. 15-256 and 97-95, WT 
Docket No. 10-112, and RM-11664, at 17 (Jan. 27, 2016) (“Nokia Comments”). See also AT&T 
Comments at 17 (“AT&T is concerned that expanding unlicensed uses in the entire block of 
spectrum would be contrary to the important principle of promoting international harmonization. 
Licensing a portion of this band would be consistent with global allocations, promoting
economies of scale and globally accessible services.”).

21 T-Mobile Comments at 15 (“In particular, the Commission should designate the 64-66
GHz band for unlicensed operations, creating a 9 gigahertz block of spectrum with the existing 
57-64 GHz band, and license the 66-71 GHz band. Such an approach would be consistent with 
the outcome of WRC-15.”).
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Commission should evaluate the amount of spectrum that it is creating for unlicensed and 

licensed use, respectively, in this proceeding.”22 This more balanced approach in this instance 

will enable the Commission to achieve its policy goals with respect to unlicensed spectrum, 

while preserving a highly valued and internationally harmonized swath of spectrum for licensed 

use.

C. The Commission Should License Large, Contiguous Blocks of Spectrum in 
the Millimeter Wave Service.

The record affirms that the Commission should take advantage of this rare opportunity to 

license large, contiguous blocks of spectrum in the millimeter wave bands.  As commenters 

observe, 5G services will require significant blocks of spectrum to achieve the level of 

performance desired by consumers, the Commission, and players in the wireless ecosystem.  The 

millimeter wave bands under consideration in this proceeding are well-positioned to provide 

these benefits.  The Commission should not squander this opportunity by adopting a band plan 

that divides the millimeter wave spectrum into small channels, forcing operators to aggregate 

adjacent blocks to achieve the benefits this proceeding is designed to produce. The Commission 

has proposed to license the 28 GHz band as a single 850-megahertz block, and to divide the 39 

GHz band into 50-megahertz channels.23 As opening comments make clear, the Commission 

can best deliver on the promise of these bands by instead adopting channels of approximately 

200 megahertz each.

Commenters note particular concern with the Commission’s proposed 39 GHz band 

plan.  This proceeding makes clear that large blocks of spectrum will be needed to deliver on the 

promise of 5G, and that it will be far easier to achieve these benefits if the millimeter wave bands 

22 Id. at 14.

23 NPRM ¶¶ 116-117.
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are not overly segmented.  CTIA agrees with Samsung that “[u]se of the existing channelization 

for the 39 GHz band would inhibit the ability of license holders to effectively use the spectrum in 

the most efficient manner as well as make interoperability with the 37 GHz band difficult.”24

Further, “multiple 200 MHz blocks will be needed to attain the data speeds and meet the capacity 

needs of wireless providers using 5G.”25 The Commission’s proposal for the 39 GHz band 

appears to contravene the central goals of this proceeding – as T-Mobile observes, “the 

Commission’s proposed 39 GHz band plan does not take advantage of the potential use of wider 

bandwidths – the very criterion the Commission found useful in selecting bands for 

consideration in this proceeding.”26 While carrier aggregation can be used to overcome some of 

these limitations, it does not serve as a substitute for large, naturally contiguous blocks of 

spectrum – and this proceeding represents a rare opportunity for the Commission to license such 

blocks.27

While commenters vary in their band plan proposals, the record generally supports 

CTIA’s proposal to divide the 28 GHz, 37 GHz, and 39 GHz bands into blocks of approximately 

200 megahertz each.  By following this approach, the Commission will balance its objectives of 

promoting competition, enabling advanced technologies, and maintaining regulatory simplicity.  

AT&T believes that “200 MHz channels in particular will help optimize traffic management and 

24 Samsung Comments at 14.

25 Id.

26 T-Mobile Comments at 12.

27 Comments of the Telecommunications Industry Association, GN Docket No. 14-177, IB 
Docket Nos. 15-256 and 97-95, WT Docket No. 10-112, and RM-11664, at 29 (filed Jan. 27, 
2016) (“TIA Comments”) (“While some spectrum fragmentation can be overcome through the 
use of carrier aggregation technologies, those technologies do not yet provide the same level of 
spectrum efficiency as is achieved when wide blocks of contiguous spectrum are used.”).
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system performance.”28 Numerous other commenters have voiced their support for blocks of 

200 megahertz (at a minimum).29 Further, by adopting a consistent block size, the Commission 

will enable equipment manufacturers to develop equipment in the most efficient and effective 

manner possible, promote interoperability, and enable multiple licensees in each market to offer 

millimeter wave services.  Thus, CTIA reiterates its request to divide the 37/39 GHz bands into 

unpaired 200-megahertz blocks and to divide the 28 GHz band into three 200-megahertz blocks 

and one 250-megahertz block.  

D. Ten-Year License Terms and Renewal Expectancies Will Promote 
Investment.

In adopting licensing and service rules for the millimeter wave bands, the Commission is 

laying the groundwork for a truly nascent mobile ecosystem.  Under such conditions, and as a 

general matter, commenters agree that the Commission can best promote investment and 

innovation by granting millimeter wave licensees significant license terms and renewal 

expectancies.  In particular, a ten-year initial license term with a renewal expectancy is in line 

with other mobile broadband spectrum bands and will provide the wireless industry with the 

certainty needed to develop equipment and design and deploy networks.

Commenters agree that a significant license term is warranted in light of the fact that 5G 

technologies are in a very early stage of development.  As AT&T observes, “license terms 

should afford licensees the flexibility to employ ‘innovative technologies which may not be 

available immediately upon licensing.’”30 CTIA agrees with Intel that the license term “should 

28 AT&T Comments at 14.

29 See, e.g., Comments of QUALCOMM Incorporated, GN Docket No. 14-177, IB Docket 
Nos. 15-256 and 97-95, WT Docket No. 10-112, and RM-11664, at 11 (filed Jan. 27, 2016) 
(“Qualcomm Comments”); Samsung Comments at 14; Ericsson Comments at 9.

30 AT&T Comments at 19-20, quoting NPRM ¶ 119.
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reasonably accommodate the development, deployment, and adoption of new, innovative 

services,” which is challenging because there is “no current market history for judging the

expected timelines.”31 However, commenters generally agree that a ten-year license term is 

sufficient to promote the needed investment and product/network development in these bands.32

The record also contains support for extending this initial license term if conditions warrant.33

Finally, CTIA agrees with those commenters who call for a renewal expectancy for millimeter 

wave licensees who meet applicable performance requirements for their licenses.34

E. Performance Requirements for the Millimeter Wave Bands Should Reflect 
the Bands’ Unique Characteristics and Use Cases.

Just as ten-year license terms are necessary to permit sufficient time to develop standards 

and equipment and deploy networks, performance requirements should also be tailored to reflect 

31 Comments of Intel Corporation, GN Docket No. 14-177, IB Docket Nos. 15-256 and 97-
95, WT Docket No. 10-112, and RM-11664, at 23 (filed Jan. 27, 2016) (“Intel Comments”).

32 See, e.g., AT&T Comments at 20; Nokia Comments at 19; Intel Comments at 23; 
Verizon Comments at 10; Qualcomm Comments at 11-12.

33 See, e.g., Intel Comments at 23 (“Depending on how the 5G standards process 
progresses, it may be appropriate to consider extending the initial license term beyond ten years. 
If, for example, the standards process is delayed, longer initial license terms may be necessary to 
allow licensees sufficient time to develop the spectrum and realize a return on investment.”); 
Verizon Comments at 10 (“Initial license terms should be at least the 10 years proposed in the 
Notice and potentially longer given the need for certainty and the costs of network 
densification.”).

34 See, e.g., Intel Comments at 23 (“Linked to that, licensees should be given the certainty 
of renewal expectancy so long as they meet the performance requirements.”); Nokia Comments 
at 19; Verizon Comments at 10 (“The Commission should assign licenses that have reasonably 
long terms and renewal expectancies. That will encourage investment and innovation by 
improving the expectations of returns on capital expenditures to build out the spectrum and 
maintain current accounting and tax rules that come with renewal expectancy.”); AT&T 
Comments at 20 (“Consistent with the important principle of maximizing new technologies and 
services throughout 5G systems, ten year renewal terms and license expectancies will promote 
capital investments in the mmW bands. Concrete renewal terms are important for bolstering 
confidence that the investment needed to deploy complex 5G technology and infrastructure will 
not be stranded.”).
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the nascent state of the market for 5G and to permit licensees the flexibility needed to deploy 

innovative services.  The record in this proceeding makes clear that the characteristics of 

millimeter wave spectrum and of 5G compel the development of performance requirements that 

adequately reflect the bands themselves and the services deployed therein.  CTIA joins those 

commenters who call for a “substantial service” framework in the millimeter wave bands, with 

clear safe harbors for licensees.  At a minimum, however, the Commission’s performance 

requirements should be highly flexible and reflect the unique use cases envisioned for millimeter 

wave bands.

Opening comments make clear that the characteristics of 5G and of the millimeter wave 

bands compel use of performance requirements that are flexible.  As TIA notes, “where (as here) 

the Commission is developing service rules long before technologies and use cases have been 

determined, the Commission should make sure that performance requirements do not skew the 

market and chill innovation.”35 For this reason, observes, T-Mobile, “the performance 

requirements that traditionally apply to lower mobile wireless band licenses may not logically 

apply here.”36 The Commission should be mindful of this fact in adopting performance 

requirements, and any performance requirements should be highly flexible.  Further, the 

Commission may find that the still-developing 5G technologies will dictate the adoption of 

performance requirements that allow for the evolution of networks and systems to be deployed in 

these spectrum bands.37

35 TIA Comments at 26.

36 T-Mobile Comments at 19.

37 AT&T Comments at 23 (“As time progresses and with a clearer understanding of how 5G 
networks and systems will operate, the Commission’s evaluation of substantial service showings 
can evolve accordingly.”); Nokia Comments at 20 (“We encourage the Commission to consider 
alternative approaches while recognizing that they may need to revisit the metric in the future 
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Fortunately, as CTIA noted in its initial comments,38 there is a framework that has been 

used by the Commission – “substantial service” – that would be a logical approach for 

performance requirements. Other commenters agree and support the adoption of a “substantial 

service” framework in the millimeter wave bands with clear safe harbors set forth for licensees. 

While population or geographic-area coverage benchmarks may be appropriate for other 

frequency bands, the use cases associated with millimeter wave spectrum are more closely 

aligned with bands subject to “substantial service” requirements.  A “substantial service”

framework has the added benefit of accommodating a variety of network architectures.  AT&T 

believes “that the flexibility inherent in a ‘substantial service’ approach may be appropriate –

especially coupled with safe harbors recognizing the state of overall 5G progress.”39 Nokia adds 

that “performance metrics need to be flexible” and that “a more appropriate performance metric 

might be the number of transmitters in service, number of connected devices, carried traffic, 

etc.”40 Numerous other commenters have voiced their support for a flexible “substantial service” 

framework and have stressed the need for flexibility in this area.41 In addition, the safe harbors 

based on lessons learned from deployments.”); Ericsson Comments at 11 (“The Commission can 
make clear that it may reexamine the performance requirements in the future, should the 
approach warrant adjustment or prove to be inappropriate or invalid.”).

38 CTIA Comments at 23-26.

39 AT&T Comments at 22.

40 Nokia Comments at 20.

41 See, e.g., Verizon Comments at 19 (“The Commission should apply the ‘substantial 
service’ requirement flexibly, given that future technologies and deployment paradigms may be 
different than past ones. That is particularly important in the context of mmW technologies 
because no one can know what use cases will emerge, let alone how to measure the scope of 
operators’ deployments of new technologies in these bands.”); 4G Americas Comments at 10 
(“We believe that it is more appropriate to base performance metrics on usage and/or service 
levels, rather than census data. The chosen metrics need to be flexible, reflecting the 
considerable diversity of 5G applications presently being discussed in the relevant standards 
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adopted by the Commission should provide examples of potential deployment scenarios that 

would meet the Commission’s “substantial service” requirement, thus providing further certainty 

to licensees.  Regardless of the specific performance metrics adopted, the Commission’s 

requirements should be highly flexible, reflect the unique use cases for the millimeter wave band, 

and be realistic and achievable in light of the current state of technology.

F. A Successful 5G Ecosystem Will Reflect Industry Collaboration and 
Standards Efforts.

Finally, CTIA notes that numerous standards organizations and other industry groups are 

working to develop 5G technologies and services.  This work is ongoing at both a national and 

international level, and it is essential that the Commission’s actions in this proceeding reflect 

these efforts.  If the Commission develops a band plan and service rules that are consistent with 

the work of standards setting entities, the United States can take a leading role in 5G, just as it 

has with 4G.  CTIA therefore echoes T-Mobile’s call for the Commission to consider the efforts 

of groups such as the 3rd Generation Partnership Project and, among other things, “ensure that its 

proposed band plans are consistent with those developed by international standards setting 

entities.”42

IV. THE COMMISSION SHOULD REJECT PROPOSALS THAT WOULD 
UNDERMINE INNOVATION IN THESE BANDS.

A. The Commission Should Not Adopt a Sharing-Intensive Framework in the 
Millimeter Wave Bands.

Both because the Commission needs to promote investment in the 5G ecosystem, and 

because there remain many questions regarding future 5G deployments, the Commission should 

bodies and industry for a.”); Qualcomm Comments at 13 (“Qualcomm believes that any new 
performance metrics should be as flexible as the underlying service rules to account for the broad 
range of 5G services, usage models, and applications.”).

42 T-Mobile Comments at 13.



19

refrain from adopting a sharing-intensive framework in the millimeter wave bands.  Instead, and 

as explained above, the Commission’s actions should be governed by the principles of exclusive 

rights and technological flexibility that have allowed mobile broadband services to flourish.  

CTIA therefore opposes the adoption of “use it or share it” requirements and the adoption of the 

Spectrum Access System (“SAS”) model in the millimeter wave bands.

Numerous commenters highlighted the threat to innovation and licensee rights presented 

by the Commission’s proposed “use it or share it” requirement.  As Verizon notes, “use it or 

share it” is a “regulatory experiment that, until tested and proven to work, would introduce risk 

that licensees may not be able to use their spectrum when and where they need it.”43 Further, 

such a requirement is entirely unsuitable given the nascent nature of technology in this band.  

CTIA agrees with Qualcomm that “[s]uch an obligation would introduce uncertainty at this 

critical stage and could deter the investments necessary to make millimeter wave mobile 

deployments successful.”44 As AT&T states, the Commission’s proposal would redistribute 

“unused” millimeter wave spectrum just five years into a license term, despite the fact that 

deployment timetables for millimeter wave services are unknown.45 As a result, a licensee may 

be forced to deploy a network in a rushed, inefficient manner simply to ensure that it retains its 

license rights.  The dynamic nature of millimeter wave use also makes a “use it or share it” 

43 Verizon Comments at 20.

44 Qualcomm Comments at 13.

45 AT&T Comments at 21 (“Second, it would be premature to redistribute ‘unused’ 
spectrum for shared uses a mere five years into a license term. As the record in this proceeding 
already highlights, it will still require additional research and development to leverage mmW 
bands to support 5G systems in the first place.  At the same time, 5G use cases and services are 
still being developed.  The Commission’s regulatory approach should reflect these practical 
realities and grant prospective licensees sufficient time to deploy complex 5G networks and 
services before redistributing the spectrum.”).
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requirement highly impractical.  Simply defining whether spectrum is in “use” would be 

challenging, and the Commission’s chosen definition has the potential to preclude highly 

beneficial use cases in the millimeter wave bands.46 For the reasons highlighted in this 

proceeding and by CTIA in its opening comments, a “use it or share it” requirement is 

premature, highly impractical, and has the potential to thwart the very objectives of this 

proceeding.

For similar reasons, the Commission should reject calls to apply the SAS framework to 

the millimeter wave bands.  The SAS, first adopted for the 3.5 GHz band, has yet to be tested in 

any real-world environment, let alone deployed on a wide-spread basis.  There is no basis for 

extending the SAS to additional frequency bands before it has been proven successful in any 

frequency band.47 CTIA therefore agrees with Samsung that “the Commission should limit the 

experiment of this new methodology to that band until it demonstrates its feasibility.”48 The use 

of a SAS framework to govern the 3.5 GHz band necessarily will evolve, subject to incremental 

(and even substantial) modifications, as the Commission and stakeholders learn lessons from the 

initial implementation.  Even when SAS proves to be fully matured in the 3.5 GHz band, 

“scaling [a SAS] framework from a fully-proven concept in the 3.5 GHz band and all the 

46 AT&T Comments at 20-21 (“[I]mposing a ‘use-it-or-share-it’ obligation on licensees 
would inject unnecessary complexity into the already arduous task of deploying 5G networks.  
Indeed, even defining ‘unused spectrum’ would be challenging.  In some instances, managing a 
very high quality of service requirement may cause spectrum ‘use’ to appear very low in certain 
intervals when capacity is actually being held in reserve for peak demand periods.”).

47 See, e.g., T-Mobile Comments at 17 (“SAS remains an untested concept. While there are 
rules that permit its use in the 3.5 GHz band, there are no current SAS or similar database-driven 
operations.  Moreover, coordination between terrestrial and satellite uses will be difficult – for 
example, the Commission has assumed that millimeter wave base stations will have 
omnidirectional antennas, which is not likely accurate – and an SAS will be unable to predict 
interference without knowing beamforming algorithms.”).

48 Samsung Comments at 23.
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idiosyncratic risks associated with that band, to another band and its different collection of risks 

and requirements, would not likely be a simple undertaking.”49 For these reasons, CTIA agrees 

with Intel that adopting a SAS framework in the millimeter wave bands “would be an 

unnecessary burden layered onto all the more directly pertinent mmW efforts.”50 The 

Commission should therefore reject this proposal.

B. The Commission Should Not Grant New Rights to Secondary Users Outside 
a Market-Based Mechanism.

The millimeter wave frequency environment will be a complex one, with diverse uses of 

spectrum occupying the same bandwidth.  CTIA applauds the efforts by the Commission in this 

proceeding to protect primary incumbents from interference, but opposes any proposal to elevate 

the interference protection rights of any non-primary incumbent.  To this end, the Commission 

should reject calls by secondary satellite licensees to elevate their operations to primary status 

outside of market-based forces.  To the extent these licensees wish to obtain primary status, they 

are welcome to purchase spectrum rights at auction or on the secondary market.  Such action is 

the most equitable and efficient means of balancing competing spectrum uses.

First, it is entirely fair for the Commission to maintain secondary status for 28 GHz 

satellite incumbents, as they were on notice of this status and the potential future occupation of 

their spectrum by mobile operations.  As Samsung notes, these incumbents “invested at their 

own risk with these facts disclosed prior to their commencement of operations.”51 In fact, 

studies indicate that these satellite incumbents will be adequately protected from interference 

49 Intel Comments at 22.

50 Id.

51 Samsung Comments at 22.
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notwithstanding their secondary status.52 However, to the extent satellite operators believe that 

new millimeter wave uses will interfere with their uses, they have long been aware of the 

potential for such interference and should not be permitted to simply elect primary status.  

Indeed, permitting such self-election risks undermining terrestrial deployment in the 28 GHz 

band.53

Second, requiring 28 GHz satellite licensees to participate in an auction or the secondary 

market is an equitable way of addressing satellite licensees’ concerns.  CTIA sees no reason why 

a Fixed-Satellite Service (“FSS”) licensee, if it follows the same processes as a wireless licensee 

to obtain spectrum access, should not be permitted to purchase co-primary rights.  What CTIA 

does not support is simply giving these rights to FSS licensees while requiring prospective 

terrestrial licensees to invest substantial sums at auction.  The record in this proceeding supports 

such a finding.  T-Mobile, for example, states that “[t]here is no basis for the Commission to 

permit current 28 GHz earth station operators – that have only secondary status today – to simply 

elect primary status.”54 CTIA therefore supports the Commission’s proposal to permit FSS 

incumbents to participate in the millimeter wave spectrum auction and take whatever market-

based steps they deem necessary to protect their operations.

52 Id. (“Satellite users have been able to find sharing solutions feasible based on use of the 
band for uplink feeder link stations that have generally high gain antenna and sufficient link 
margin for communications. Samsung undertook a preliminary compatibility study to examine 
the coexistence of 5G millimeter wave services with Federal fixed and mobile satellite services 
in the bands adjacent to LMDS, including the 30-31 GHz band and the 31-31.3 GHz band.  The 
study found that, under the existing parameters and licensing rights, although a single beam spot 
of an FSS receiver covers the land area of 711 major cities, a mobile base station in the adjacent 
channel does not cause significant interference to space station FSS.  FSS systems are adequately 
protected under the current rules and further protection is not warranted.”).

53 Ericsson Comments at 21-22.

54 T-Mobile Comments at 16.
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Finally, CTIA submits that the Commission should not authorize FSS operations in other 

bands under consideration for mobile broadband, such as the 40 GHz band, until the 

ramifications of such use and the potential for sharing with mobile services is fully studied and 

considered by all affected stakeholders.  The record in this proceeding makes clear that balancing 

the needs of satellite and terrestrial users of millimeter wave spectrum is a delicate process.  The 

Commission should not unduly burden future efforts by creating new incumbents that will 

complicate 5G deployment in the near to medium term.
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V. CONCLUSION.

As this proceeding demonstrates, a shared vision for 5G in the United States is rapidly 

taking shape.  CTIA and its members are extremely excited about the potential for millimeter 

wave bands to host game-changing and highly beneficial mobile services.  CTIA encourages the 

Commission to adopt licensing and service rules for the millimeter wave bands consistent with 

CTIA’s submissions in this proceeding.  By providing stability and flexibility to future 

millimeter wave spectrum licensees, the Commission will help spur innovation and promote 

future U.S. leadership in mobile.
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Entire industries, from 
agriculture to transportation, 
will be transformed to be 

intelligent.  That’s the promise of 
the next-generation of wireless 
technology, known as 5G. 



Wireless connectivity touches every aspect of our daily lives today, but we are just 

enjoying enriched entertainment while riding to work in a self-driving car, doctors that 

monitor patients’ vital signs remotely in real-time, and communities that are smarter and 

more connected.  
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• 5G will connect everything, supporting the Internet of Things.
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5G: Connecting Everything
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•  Infrastructure  remote monitoring of roads, 
bridges, buildings, parks, and venues

•  Citizen convenience  real time tra c 
information including consideration of tra c lights 
and smart parking, in which you can nd a spot 
and reserve one

•  Public transportation  digital signage to let 
commuters know when the next bus or train will 
arrive 

•  Public safety  manage tra c patterns of 
pedestrians at stadiums, parks, and busy 
intersections.  Alerts of incidents such as a 
shooting could enable better response and 
improved safety. 

While sensor networks are already starting to 
enable smart cities, 5G will also greatly expand the 
number of sensor devices, optimizing tra c and 
parking.  As ust one example, 5G will make exible 
bus management possible, allowing bus stops and 
people to tell buses when people are waiting, and 
bus drivers to skip empty stops or send more buses 
when demand is high.  

                     5G will be much more than faster speeds.  5G promises consumers a more 

connected wireless network with much higher device density, enabling the connectivity 

of virtually all of our physical world.  5G will provide the scale for wireless networks to 

support billions of sensors, wearables, and devices that will unlock new innovations and 

functionalities.  
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i   lo all   . 

Unli e to a  e ice  ho e e  
t e  ea a le  ill e ll  

connecte  e ice   in othe  o  
e ice  that o not nee  to e tie  

to a a t hone to connect to the 
nte net. 

Sa n  o  e a le  i  e elo in  
connecte  healthca e an  tne  

e ice  that not onl  eco  
e e ci e e o ance an  a e 
eco en ation  t al o can en  
eal-ti e ital heath tati tic  li e 

ain nction  hea t eat  an  loo  
e e  to healthca e e e t  to 
e ent e e encie  e o e the  

ha en. 

a  e ice  hich allo  in i i al  
to ta  in con tant connection 

ith al a le ite  o  lo e  one  
e ent a ho t o  otential con e  
e  t ac in  an  onito in  

ic cle  oto c cle  et  
ie ca e  han a  e  an  

e en chil en.  

Automotive 

he a to in t  ha  al ea  
le e a e    o  ente tain ent  
in o ation  an  a et  in ehicle  
ac o  the co nt .  t e en a  
in-ca    e contin e   

o i e  eal-ti e ehicle ol tion  
ith iche  in o ation an  a et  

o tion .  

o  in tance  ehicle oa an  
acce  can ena le aintenance-
t e noti cation  o  ehicle 
e icin  nee .  n tea  o  a i le 

chec  en ine  li ht  a en o  co l  

ale t the i e  that en ine cleanin  
i  eco en e  an  allo  the i e  
to che le an a oint ent.  o e 
e io  conce n  ch a  lo  ti e 
e e co l  i ect the i e  to the 

nea e t e ice tation.

ehicle oa an  acce  co l  
al o incl e i eo t ea in  
i eo o nloa  ic an  a io  
oa an  nte net acce  an  

ne  e e in  a lication  ch a  
i t al o  a ente  ealit .

 

Smart Homes  

ith  o  ho e  ill contin e to o  a te  th o h enhance  ho e 
ec it  e ote i eo ec it  onito in  an  cont ol  i ele -cont olle  
oo  loc  an  a t a liance  e i e ato  that noti  o  hen lo  

on ce tain o ct .  e  technolo  ill ena le ch hi he  th o h t  
hich can ena le lti le hi h e ol tion ca e a  an  othe  en o  to e 

connecte  an  e otel  onito e .

5G Case Study

Urban Transportation

ic on  onnecte  o ilit  ena o ect  
e i n  otot e -ena le  ol tion  

a e in  a  t an o tation i act .  
nitial e ca e  ill oc  on i o in  the 
t an o t o  eo le an  oo  th o h i e  

i tance o i in  eal-ti e eco en a-
tion  o  i e  to i o e t a el e cienc  
an  Se i- an  ll  to ate  ehicle .

ith i e  i tance   i e  ill e 
in t cte  in eal ti e ho  lon  to ait to 

ic   a en e  an  a en e  can e 
in t cte  hich  to ta e an  hen.  he 
e ltin  e ciencie  ill lo e  co t  o  con-

e  an  e ce en i on ental i act .  
i e i e  Se i- an  ll  to ate  ehicle  
ill e a le to e ehicle latoonin  to 

ha e ehicle  coo inate a in  an  accel-
e ation  hich ill inc ea e oa  ca acit  
an  e ce t a c con e tion.  

hile the e  ol tion  ill e ol e o  
e i tin  technolo ie  the  ill incl e 

alit  o  Se ice e i e ent  that eci  
the a i  net o  ela  an o  ini  

a antee  th o h t.  
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Smart Grid  

he ene  a ea ill e an  o  ete  ea in  an  collectin  to the 
a t i  o o t nit .  o ection  in icate that a t i  o e ni ation 

in e t ent  co l  total .  o e  the ne t  ea .  i ele  connection  
ill ena le onito in  o  the i  a tic la l  in the i t i tion net o .  

S tation  ill e i e i e  connection  t en o  e lo e  
th o ho t the i t i tion net o  an  on e ote ete  ill ena le 
the tilitie  to ette  e e c to e .  o anie  ch a  S int a e 
al ea  e lo in  ol tion  o  a t i  o  co anie  ch a  oll a e 

o nication  a lo al lea e  o  S a t i  Sen o  ith e icti e 
i  nal tic . 

Industrial and Other IoT Examples

 •  Matt Grob, CTO, Qualcomm 5G

Smart grid technology provides 

  keeps the lights on by enabling overhaul of the 
grid system; ensuring the grid grows to meet 
expected increases; and limiting brownouts / 
blackouts / surges; 

   lowers energy costs by giving consumers’ control 
over their usage and facilitating troubleshooting; 
and 

  helps secure energy independence by enabling 
full scale vehicle charging, focusing on renewable 
energy.  

ic lt e i  anothe  a ea he e 
o  ha  eat otential.  Sen o  ith 
i ele  connecti it  o  c o  el  can 

hel  o ti i e o in  an  ini i e 
e o  ate  an  e tili e  th o h 
o e ta ete  a lication.  i e toc  

can e onito e  e otel  a  can 
tan  an  othe  a  e i ent  

a in  a in  o e e cient.  

on e  ill ene t o  e he  

o ce an  o ct  that a e 
o ce  in  o e e cient a in  
etho .  ll tol  econo ic ene t  

in a ic lt e a e e ti ate  in the 
-  an e ann all .   

lic a et  i  a e  a ea he e 
o  can eli e  ene t  in te  o  
i o e  i a te  an  e e enc  
e ice  an  i o e  c i e etection 

an  onito in .  i ele  connection  

ill in o  lic a et  e onnel 
o  the tat  o  th eat  an  hel  
coo inate e on e tactic .  

a ene  i ele  ca e a  a  e 
e  to o i e i eo o  e tat  

a o n  all  an  in i e il in .  
 ill hel  lic a et  a e 

li e  th o h ette  e on e  to 
e e encie  an  econo ic ene t  
an e o  -  ann all . 

M-Health and Telemedicine

he ne t ene ation o  i ele  
technolo  ill nloc  the otential o  

ealth an  tele e icine.  l ea  
to a  e ote ia no tic ital i n  
a e ein  t iale  an  tili e  t ith 
a i ele  net o  that can connect 
con e  o  en o  ith health 
ca e acilitie  con e  ill ee 
i o e ent  in health ca e o tco e  
an  e cienc  ain .  

o  in tance  en o  o  health 
onito in  a e oin  to e o e 
e alent  ith a to ate  e o tin  

to a octo  o ce o  n e  tation.  
he e a ance  ill i o e a et  

health  an  e cienc . 

n the a ea o  health onito in  the e 
a e an  o o t nitie  o  i o e  

e ote onito in .  o  in tance  
e ea che  at the Uni e it  o  
i inia a e o in  to t an o  t e 

 ia ete  ana e ent  int o cin  
an a ti cial anc ea  ol tion  hich 

ill a to aticall  onito  atient  
loo - a  le el  an  eli e  in lin 

a  nee e .  he te  ill e a 
o  en o  to e o t in lin le el  

to a a t hone a  hich ill then 
anal e the ata an  i ele l  cont ol 
a ea a le in lin .  n the t e  
hi h e ol tion i a e  an  i eo can 

e e   octo  to a i l  an  
co t-e ecti el  ia no e o le  
an  a ect ic e  e ical o tco e .  

e enc  e ical tea  a  t an it 
hi h e ol tion i a e  to octo  in 

ho ital  o  ia no i  an  t eat ent 
en o te.  he otential lo al ene t  
a e con i e a le  incl in  lon e  li e  
an  the i o e  alit  o  tho e li e   
e ti ate  to each o e he e et een 

 an  .   lo all   . 



5G

4G

  

For instance, it would take about 4.5 feet for a 4G car to apply its 
brakes.  Just an inch for a 5G car to do so, helping avoid collisions 
and accidents.

4.6 Feet

So ce  ol o a



5G: Real-Time

                       
  latenc  ate   the technical te  o  the ela  et een o  

e e t o  ata an  hen o  o ile e ice ecei e  it  a e lo  o hl  
 illi econ  o e -the-ai   illi econ  en -to-en .  hi  ena le  

con e  to ha e oo  alit  oice o e   o  call  an  i eo call  
ith little ela  o  itte .   latenc  ate  ill e e en lo e   ta ete  to 
e e to ten ti e  lo e .   

hi  e ction in latenc  a  ee  incon e ential  t a nea  eal-
ti e con e  i ele  e e ience ill ena le a ho t o  ene t  an  
a lication  not o i le to a .  

he eal-ti e a ilitie  o   ill nloc

Vehicle Safety and Collision Avoidance  

to o ile  ill inc ea in l  e 
en o  an  colli ion a oi ance 

ca a ilitie  to ale t the i e  to 
ta  in lane  a oi  colli ion  an  to 

contact e e enc  e ice  in the 
e ent o  an acci ent.  

Sen in  ith ehicle  at ee  
e i e  e  lo  latenc  an  

the eal-ti e nat e o   ho l  
o i e ch ca a ilitie .  ith the 

e ce  latenc  o  a ll  o ti i e  
i eal  net o  a el - i in  ca  
t a ellin  at o hl   h ill 

o e t o e  one inch o  the 
ti e it i enti e  an o tacle to the 
ti e hen the a in  co an  
i  e ec te .  hi  e o ance i  
co a a le to a tan a  anti-loc  

a in  te .  

 cont a t  ith the latenc  on a  
 net o  the ca  o l  o e .  

eet n e  the a e con ition . 

he e a e o e ni e 
a lication  o  ehicle-to-

ehicle  co nication  
incl in  inte ection o e ent 
a i tance  le t han  t n a i t  
an    e e enc  elect onic a e 
li ht  o  oo  i i ilit .  n a ition  

 co nication  can enhance 
o a  colli ion a nin  lin  ot 

an  colli ion a nin  an  o-not-
a  a nin .  hile the e a e o e 
i ect Sho t an e o nication  
S  technolo ie  ein  

e al ate   a  la  a ole in the 
t e.

 a et  a lication  ha e the 
otential to e ent o  e ce the 
e e it  o   to  o  non-alcohol-
elate  c a he .    ith it  e ice 
en it  an  eal-ti e ca a ilitie  

ha  the otential to a ance  
eat e .

Augmented and Virtual Reality 

 ha  the otential to a aticall  chan e con e  e  an  
e e ience  ith e ect to en iche  e ical t ainin  e cation  
ente tain ent  an  etail  ena lin  eal-ti e inte action  that ta e lace 

i ele l  itho t i al ela .   i t al ealit  i  eco in  a aila le to 
con e  to a  ith the la nch o  o ct  ch a  Sa n  ea   

                     5G also promises a marked improvement in wireless network lag time –  

enabling faster communications.

So ce  ol o a



5G Case Study

Verizon VGo Robotic 
Telepresence

Se e al co anie  ha e e ta li he  
inno ation cente  to ena le i ele  
co anie  to e elo  an  te t inno ati e 

i ele  technolo  ol tion .  ne o  
the ea l  e a le  i  the o o otic 
ele e ence  a i ele  o otic 

tele e ence nit.  he nit i  o ile an  
can e e  to o i e i eo con e ence 
ca a ilitie  o  e cation  health  an  othe  
it ation  he e a o ot i  e l.  t can e 

e  to allo  a ic  chil  to atten  cla  
eal-ti e o  o  a ho e- o n  e on to 

co nicate li e ith a e ical actitione .

  

  

e i on ecentl  e ta li he  a  
echnolo  o  ith e  lea e
a tne  in the in t  lcatel cent  
i co  ic on  o ia  Sa n  an  

alco  a  ell a  e e al a t an  e t 
oa t ent e ca itali t . he collecti e 

co anie  e e ent illion  o  olla  
in  in e t ent an  a e the inno ati e 
lea e  colla o atin  to e elo  the  
tan a .   hi  ill hel  in  the ealit  

o   in the U.S.  ena lin  a i ion o  a o e 
ll  connecte  o l .

ic o o t olo en   c l  i t  Son  la tation  an   i e e. 

he e i t al an  a ente  ealit  a lication  ill e ena le   the 
eal-ti e co nication  a e o i le ith the e t e el  lo  latenc  
ate  o i le ith .  

o  in tance  i t al ealit  i  ein  e  to o i e e ical t ainin  o  
t ainin  a t ona t  e ic  olice o ce  an  o  ille  t a e  ch a  

el e  a  ell a  in a to oti e o ct e elo ent an  in a i e an e 
o  a e ti in  a lication   o  o otin  o ie  to to i  in iti h 

ol ia.   

 lo  latenc  ill la  a i otal ole in the e ol tion o  i t al ealit  
a lication  li e the e  a o in  e  li e-li e e e ience  on the o e. 

n the health ecto  e ical acilitie  a e in  the i ele  c l  
i t  hich o i e  a  e ee i e i e e e ience on the o  a  a 

t ainin  tool that allo  e ical t ent  to e e ience a oce e o  a 
eon  e ecti e.   

e te n Uni e it  o  ealth Science  in o ona  ali o nia  o  e a le  
i  in  the c l  i t at it  t-o -it - in  i t al ealit  lea nin  cente  

hich allo  t ent  o  e e  o a enti t  o teo athic 
e icine  ete ina  e icine  h ical the a  an  n in to lea n 

th o h i t al ealit  technolo ie .   

n e cation  oo le i  ilotin  a el  a t i  i lation te  calle  
e ition  o i in  t ent  a - ich e e ience that i late  oin  

on a el  t i  to a -o  lace .  a ine chool  ith li ite  e o ce  
ein  a le to in  the olo e  in o e o  the a thenon in eece to 
t ent .  

i t al ealit  an  a ente  ealit  can al o o i e a o in  
e cational o o t nitie  ch a  i itin  i t al e  that a e le 
lo t a t o  o  o i e the conte t o  an a ti t li e an o h  li e  o .   

hi  can eli e  ene t  in the o  o  taina ilit   eli inatin  co tl  
t a el  a  ell a  en i on ental e e ation in to in  en iti e a ea .   

i t al ealit  ill a aticall  chan e the o l  o  ente tain ent incl in  
o ie  conce t  an  othe  i e i e e e ience .  a ine ein  a le 

to e e ience o  a o ite an  o  a ti t in a i t al conce t in  in the 
co o t o  o  o n ho e.    i t al ealit  can e en e e  o  etail.  
o  il e  t anno nce  the e o  i t al ealit  in thei  to e  
he e con e  can e e ience a a hion ho  in .   i t al ealit  

hol  o t the o i e o  o e c to i e  e e ience  hich can e 
ate  an  ena le  i ele l  an  the o ect o  co t a in  an  

inc ea e  e an  o  act al a  ell a  i t al oo . 

Real-time Video Conferencing 

ith enhance  eal-ti e ca a ilitie  o   net o  i eo con e encin  
ill eco e o e e a i e  hich ena le  teleco tin  iche  eetin  

an  ene  a in . 



What We Need From Policymakers

 

e on  a li ht-to ch  in e t ent ien l  e lato  a oach  e nee  to  

Find more spectrum  

e ica  lo al lea e hi  in 
o ile e en  on ect .  
o nt ie  a o n  the o l  a e 

loo in  to  not e el  a  a 
i ele  technolo  t a  a e  

in t o  econo ic o th.  e 
t o the a e o  i  inno ation 

an  in e t ent ein  e o te  
o e ea .  eca e i ele  
o te  inno ation ac o  nea l  

e e  in t  ecto  the otential 
con e ence  o  allin  ehin  a e 
ta . 

he co ne tone o  i ele  o th 
an  inno ation ill e clea in  
a itional ect  o  .  e  
la e ath  o  hi h an  ect  
a e e i e  to o t locali e  

 hot ot .   itional lo  an  
i  an  ect  ill ena le  

technolo  to o t ch hi he  
e ice en it  th o ho t i e 

co e a e a ea .   

he  ho l  act on the S ect  
ontie  i h an  oc et thi  

ea  in o e  to a e ect  
a aila le o   in a ti el  anne .  
t i  i o tant that ect  e 

a aila le to allo  o e ato  to 
e lo  a  ea l  a  the  choo e o  

ine  an  technical ea on .

the o e  on e  an  the 
ini t ation ho l  act to i enti  

a itional ect  to e a ctione  
a  oon a  actica le.  hi  ill 

o i e the lo  an  i  an  
ect  to ee   ith o th 

an  to ena le e lo ent o  the 
late t technolo .

Streamline infrastructure deployment 

So n  in a t ct e olic  i  a 
nece a  co le ent to o n  

ect  olic .  hen an  ho  e 
int o ce  e en  in a t  on 
e o in  a ie  to the e lo ent 

o  cell ite  an  antenna .    

Ult a- en e net o  con ation  
a tic la l  in et o a ea  

hea  ith e  ill e a a o  
co onent o  .  S all cell  a e 

e  to c eatin  the e lt a- en e 
net o .  o eo e  eca e the 

o a ation o  hi he  e encie  
i  li ite  in an e an  il in  

enet ation  i ele  e lo ent  
ill e nee e  o  oth in oo  an  

o t oo  en i on ent .  o e  
al o ill ha e to e con t cte  to 

o i e  co e a e ac o  the 
nation.

                     Policymakers play an important role in advancing 5G technology with a 

by 2020, we need a committed effort to provide operators with the tools they need to 

invest in another generation of networks.   

“5G represents a once-in-a-generation opportunity to transform our homes, our cities, 
and our society.  But that means working together on the right framework for wireless 

 •  Meredith Attwell Baker,  
5G

So ce  o ia

Urban small cells



o ena le the e e lo ent  olic a e  ho l  contin e to a o t 
ea ona le  e icta le itin  oce e .  S ch te  incl e i o in  

a ea line on e e al a encie  to act on i ele  itin  a lication  an  
the  t ea linin   the  o  all cell an  S en i on ental 

oce in . 

n a ition  citie  an  nici alitie  ho l  loo  o  a  to acilitate ne  
e lo ent  in  e i tin  an  ne  acilitie .  

Increase support for 5G R&D 

he U.S. nee  a o t eco te  
o  e ea ch an  e elo ent 

 in i ele  technolo ie  
in a t ct e  chi et  e ice  
an  a lication .  oc e   
i  nee e  to eali e the ll 
inno ation otential o  ect  

a e a aila le o   e ice .  
olic a e  ho l  contin e e o t  

to inc ea e o t o   la t 
ea  eci ion to a e e anent 

the  ta  c e it i  a oo  t te . 

an  technolo  co anie  
incl in  U  Sa n  
ntel  i co  ic on  oto ola  an  
othe  a e in e tin  in  an  

n in  e ea ch inte nall  an  ith 
ni e itie .  o ia  hich ecentl  

ac i e  lcatel- cent ell a  
ha  een in e tin  in   an  
ha  n e  U ol  one o  the 
lea in  U.S. ni e itie  in illi ete  

a e technolo  to e elo  

an  e on t ate  technolo  
ca a ilitie .  

the o e  the o e n ent ho l  
contin e to a e i ect in e t ent  
in  ch a  th o h the ational 
Science o n ation S  .   S  i  

n in  e e al e ea ch o a  
in  thei  a io  e ea ch 
o a  te t e  in a t ct e 
o a  an  te t e .  a tne in  
ith othe  o e n ent a encie  

incl in  the hite o e ce 
o  Science an  echnolo  S  

  an  othe  the S  
can e an i o tant tool to a ance 

 e ea ch an  t en then the 
a tne hi  et een in t  an  
ni e itie .

o ethe  ith a o iate ne  
ect  t ea line  in a t ct e 

e lo ent  an  a o a le  the 
eco te  ill hel  en e the U.S. 
i  a lea e  in .

Smart Cities
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